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SEM micrograph of recycled catalyst RuO 2 (3%)/Mn 3 O 4 catalysts investigated in this study.
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OMS synthesis
In a typical synthesis, KMnO 4 (8 mmol) was dissolved in 20 mL deionized water. Urea (28 mmol) was added to the solution, followed by stirring at ambient temperature for 30 min. The resulting solution was added dropwise to a vigorously stirred mixture of MnSO 4 .H 2 O (10.5 mmol in 6 mL water) and 0.6 mL conc. HNO 3 . The resulting mixture was transferred to a roundbottomed flask fitted with a condenser and refluxed for 24 h. After cooling to ambient temperature, product was filtered, washed with deionized water and dried at 393 K for 8-10 h.
95% OMS yield was obtained.
Catalyst characterization
Powder-X-ray diffraction (PXRD) patterns were recorded in the 2θ range of 5-80° with a scan speed of 2°/min on a PANalytical X'PERT PRO diffractometer using Cu Kα radiation (λ=0.1542 nm, 40 kV, 40 mA). Nitrogen adsorption measurements were performed at 77 K by Quantachrome Instruments, Autosorb-IQ volumetric adsorption analyzer. The sample was outgassed at 423 K for 3 h in the degassing port of the adsorption apparatus. The specific surface area of the material was calculated from the desorption data points obtained between 0.05-0.3 (P/P 0 ) using the Brunauer-Emmett-Teller (BET) equation. The pore diameter was determined using Barrett-Joyner-Halenda (BJH) method. Scanning electron microscopy (SEM) measurements were carried out on a JEOL JSM-6610LV to investigate the morphology of the metal oxide composite. In depth structural analysis were carried out using FEI, TF30-ST transmission electron microscope (TEM) operating at 300 kV equipped with a GATAN OriusCCD camera. The TEM is also equipped with a scanning unit and a high-angle annular darkfield (HAADF) detector from Fischione (model 3000). The compositional analysis was performed using energy dispersive X-ray (EDX) spectroscopy attachment on the TF30 at Saha
Institute of Nuclear Physics, Kolkata. DRUV-visible spectra were recorded by Shimadzu (UV-2600) spectrophotometer. X-ray photoelectron spectroscopy was carried out using PHI 5000
Versa Prob II, FEI Inc. at ACMS, IIT Kanpur. Figure S3 shows the diffuse reflectance UV-vis spectra of the materials investigated in this study. OMS exhibited intense absorption in the range of 200-300 nm (with the peak maximum at 248 nm) and 320-500 nm (with the peak maximum at 350 nm), followed by weak absorption in the range of 500-650 nm. The first two absorption bands were due to O ....................................................................  .......................................................................   ............................................... Figure S3 . DRUV-vis spectra of OMS, Mn 3 O 4 , and ruthenium oxide supported Mn 3 O 4 catalysts investigated in this study. 
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Details of diffuse reflectance UV-visible investigation
